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Docket No. 2025-0178-0 
TITLE OF THE INVENTION 

KAPPA OPIOID RECEPTOR LIGANDS 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to compounds that bind with high affinity and/or 
specificity to kappa opioid receptors. 

Background of the Invention 
O The study of compounds exerting their actions via the opioid receptor system has 

rGB continued for nearly eight decades. Though this has been a broad effort, the fundamental 
j>j driving force for this endeavor relates to the elimination or reduction of the side-effect profile 
w produced by the most frequently used or abused opiates morphine (1) and heroin (2) in Figure 
y= 1 . Among the many side effects produced by compounds 1 and 2, addiction, tolerance and 
q respiratory depression are of greatest concern when heroin abuse is considered. Though its 
J3 use waned in the late 70s. increases in both the purity and availability of this drug have 
-if promoted a serious resurgence of illegal use. In the study and treatment of substance abuse, 
M antagonists for the opioid receptors like naltrexone (3) (Fig. 1) have played a prominent role. 

In recent years, researchers studying the physiological mechanisms underlying addiction have 
sought antagonists selective for each of the three opioid receptor subtypes mu, delta and 
20 kappa. Extensive research efforts along these lines lead to the discovery of several such 
compounds with examples including cyprodime (mu, 4), naltrindole (delta, 5) and nor- 
binaltorphimine (kappa, 6) (Fig. 1). Of the three, the kappa receptor has only begrudgingly 
yielded antagonists and, of the known examples, all stem from modification of the prototype, 
nor-binaltorphimine (nor-BNI, 6). 
25 Portoghese in his pioneering work provided not only the second and third generation 

kappa antagonists 5'-[(N2-butylamidino)methyl]naltrindole (7) and CS'-guanidinylnaltrindole 
(GNTI, 8) but also convincing evidence that the Glu297 residue in transmembrane helix 6 of 
the kappa receptor is the principle address site influencing the kappa selectivity found in 6-8 
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(Fig. 1). In terms of the message address concept as applied by Portoghese to opioid small- 
molecules, it is the pendant amine functionality (noted by asterisks in the chart) present in 6-8 
that functions as the kappa address element by interacting with the Glu297 residue which is 
present in the kappa but not in the mu receptor. 
5 In terms of substance abuse treatment, antagonists selective for the kappa receptor 

have been the least studied primarily due to the limited bio-availability of 6 and its analogs. 
However, mounting evidence that the endogenous kappa opioid system opposes the actions of 
mu agonists like 2 suggests that antagonists selective for the kappa receptor system could 
suppress or eliminate the symptoms of withdrawal which arise from an overactive kappa 

1 0 receptor system and thus could promote abstinence and prevent relapse. Therefore, the 
development of novel kappa antagonists possessing improved pharmacokinetic profiles 

D would be of great value. 

%| As is obvious from the examples above, the morphinan substructure of 3 has served as 

jfl the preeminent template upon which selective antagonists have been constructed. Contrary to 
jif these efforts, our work in this field started from the relatively unstudied N-substituted trans- 
it (3,4)-dimethyl-4-(3-hydroxyphenyl)piperidine class of opioid antagonist discovered by 

t: 

Q Zimmerman et al. Compounds like 9a and 9b (Fig.l) were novel opioid antagonists because 
S -Z their intrinsic antagonist activity was not mediated by the structure of their N-substituent (i.e. 
m the N-methyl (9a) and N-cyclopropylmethyl (9b) analogs in the phenylpiperidine series are 
pf) both pure antagonists). Indeed, no N-substituent has been discovered which converts this 
series of compound into an agonist. Compounds 10-12 (Fig. 1) represent some of the 
structures tried to date. In this connection we recently demonstrated that compounds bearing 
the trans-cinnamyl N-substituent, as found in 13 (Fig. 1), most closely reproduced the 
potency at the mu opioid receptor of the flexible N-substituted analogs (10-12). In fact, the 
25 comparable mu receptor potencies demonstrated by analogs /r<my-(3,4)-dimethyl-4-(3- 

hydroxyphenyl)piperidine possessing the trans-cinnamyl moiety lead us to speculate that in 
their biologically active conformation, compounds such as 10-12 have the connecting chain 
and appended ring in their N-substituent extended away from the piperidine nitrogen in a 
manner consistent with the /ram-cinnamyl skeleton like that found in 13. 
30 In more recent studies comparing opioid receptor potency and selectivity to N- 

substituent changes in this series of antagonists, we discovered 14-21 (Fig. 1). These 
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compounds were obtained from the screening of libraries of compounds which were biased 
for opioid antagonist activity by incorporation of /raw5--(3,4)-dimethyl-4-(3- 
hydroxyphenyl)piperidine into each ligand. In biological testing those compounds (14-21) 
were found to possess kappa opioid receptor subtype selectivity in binding assays. 

5 SUMMARY OF THE INVENTION 

It is an object of the invention to provide compounds which bind to kappa opioid 
receptors with high affinity. 

It is another object of the invention to provide compounds which bind to kappa opioid 
receptors with high specificity. 
10 It is another object of the invention to provide compounds which bind to kappa opioid 

0 receptors with high affinity and specificity in functional assays. 

ri The objects of the present invention, and others, are accomplished with compounds of 

?J1 the structures described herein, particularly compounds 14-21, which have the above 
Q advantages. To the inventors knowledge, compounds 14, 18, 19 and 20 have the highest 

jft affinity and selectivity for the kappa opioid receptor of any compounds yet reported (Table 

1). Compound 14 was also studied in the [ 35 S]GTPyS functional assay, and in particular, 
I s * maintained kappa selectivity between binding and functional assays and showed a K, value of 
m 0.006 nM for the kappa receptor and a mu/kappa Kj ratio of 570 (Table 3). 

BRIEF DESCRIPTION OF THE FIGURES 
20 A more complete appreciation of the invention and many of the attendant advantages 

thereof will be readily obtained as the same becomes better understood by reference to the 
following detailed description when considered in connection with the accompanying 
drawings, wherein: 

Figure 1: chemical structure of compounds (1)-(21); 
25 Figure 2: synthetic route to compounds (14-20); 

Figure 3: synthetic route to compound 21. 

DETAILED DESCRIPTION OF THE INVENTION 
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The present invention provides kappa opioid antagonists that bind to kappa opioid 
receptors with high affinity and/or specificity. Compounds of the present invention are those 
represented by the formula (I): 




(i) 



p wherein Q is H or COC,, 8 alkyl; 

!3S R, is Ci_ 8 alkyl, or one of the following structures: 
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Y, is H, OH, Bi^CLF, CN, CF 3 , NO,, N 3 , OR 8 , C0 2 R,, C M alkyl, NR 10 R,„ NHCOR 12 . 
NHC0 2 R I2 , CONR 13 R l4 , CH^(CH^lY 2 ; 

Y 2 is H, CF 3 , CO.R,, C^alky^NR^R, „ NHCOR,,, NHC0 2 R l2 , CONR 13 R l4 , CH 2 OH, 
CH 2 OR 8 , COCH 2 R,; 

Y 3 is H, OH, Br, CI, F, CN, CF 3 , NO,, N 3 X>R 8 , CO.R,, C,. 6 alkyl, NR 10 R n , NHCOR 12 , 
NHC Q 2 R, 2 , CON R 13 R l4 , CH 2 (CH 2 )„Y 7 ; 



R 2 is H, C,_ 8 alkyl, C 3 . g alkenyl, C 3 _ 8 alkynyl or CH 2 aryl substituted by one or more 
groups Y,; 

R 3 is H, Cj.g alkyl, C 3 . 8 alkenyl, C 3 . 8 alkynyl or CH 2 aryl substituted by one or more 

10 groups Y 1; 

wherein R 2 and R 3 may be bonded together to form a alkyl group; 
£! = R 4 is hydrogen, Q.g alkyl, C0 2 C,_ 8 alkylaryl substituted by one or more groups Y, 

k D CH 2 aryl substituted by one or more groups Y, or C0 2 C,_ 8 alkyl; 
Ln Z is N, O or S; when Z is O or S, there is no R 5 

jS R 5 is H, C,_ 8 alkyl, C 3 . 8 alkenyl, C 3 . 8 alkynyl, CH 2 C0 2 C 18 alkyl, C0 2 C u8 alkyl or 

J y CH 2 aryl substituted by one or more groups Y,; (when Z is O or S, there is no R 5 ) 
a n is 0, 1, 2 or 3; 

11 R^ is a group selected from the group consisting of structures (a)-(bbb): 
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is hydrogen, C,_ 8 alkyl, C 3 . 8 alkenyl, C 3 . 8 alkynyl; 
X 2 i\hydrogen, Q.galkyi, C 3 . 8 alkenyl, C 3 . 8 alkynyl; 
or X, ahd X 2 together form =0, =S, =NH; 

R 7 is H, Cj^&lkyl, CH 2 aryl substituted by one or more substituents Y,, NR 10 R n , 
NHCOR I25 NHC0 2 R 13 ,XX)NR ]4 R 15 , CH 2 (CH 2 ) n Y 2 , C(-NH)NR 16 R 17 

R 8 is H, C,_ g alkyl, ClsLaryl substituted by one or more substituents Y,, CONR 13 R l4 , 
CH 2 (CH 2 ) n Y 2; 

R^ is H, C,_ 8 alkyl, CH 2 aiy 1 ^^bstituted by one or more substituents Y, 9 CH 2 (CH 2 ) n Y 2 ; 
R 10 is H, C,. 8 alkyl, CH 2 aryl substituted by one or more substituents Y l9 CH 2 (CH 2 ) n Y 2 



R n is H, C,. 8 alkyl, CH 2 aryl substitiufed by one or more substituents Y 
R 12 is H, C,_ 8 alkyl, CH 2 aryl substituted b$\one or more substituents Y 
R 13 is H, C N8 alkyl, CH 2 aryl substituted by on£\or more substituents Y 
R 14 is H, C,. 8 alkyl, CH 2 aryl substituted by one or more substituents Y 
R 15 is H, C,_ 8 alkyl, CH 2 aryl substituted by one or more^ubstituents Y 
R 16 is H, C,_ 8 alkyl, CH 2 aryl substituted by one or more substituents Y 



, CH 2 (CH 2 ) n Y 2 
, CH 2 (CH 2 ) n Y 2; 
, CH 2 (CH 2 ) n Y 2: 
, CH 2 (CH 2 ) n Y 2; 
, CH 2 (CH 2 ) n Y 2 
, CH 2 (CH 2 ) n Y 2: 



and 



R I7 is H, C X _ B alkyl, CH 2 aryl substituted by one or more substituents^., CH 2 (CH 2 ) n Y 2 
Preferably, the compounds of the present invention are those representechby the 

formula I as shown above, wherein R l5 R 4 , R 5 , Y l5 Y 2 , Z, n, X,, X 2 , and R 7 -R ]7 are as'ijidicated 

above; 

Y 3 is H; 

R 2 and R 3 are each, independently, H, C,_ 8 alkyl, C 3 . 8 alkenyl, C 3 _ 8 alkynyl, CH 2 aryl 
substituted by one or more substituents Y,; and , 



is a group having a formula selected from the group consisting of structures (a)- 
(cc) above. 

More preferably, the compounds of the present invention are those represented by the 
formula I as shown above, wherein Y l5 Y 2 , R 4 , R 5 , Z, n, X ]9 X 2 and R 8 -R I5 are as indicated 
above; 



Ri is C,. 8 alkyl, 
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Y 3 is H; 

R 2 and R 3 are each, independently, H or C,_ 8 alkyl, wherein R 2 and R 3 cannot both be 
H at the same time; 

R 6 is a formula selected from the structures (a)-(r) shown above; and 

R 7 is H, C,_ 8 alkyl, CH 2 aryl substituted by one or more substituents Y,, NR, 0 R n , 
NHCOR ]2 , NHC0 2 R 13 , CONR )4 R 15 , or CH 2 (CH 2 ) n Y 2 . 

Still more preferably, the compound of the present invention are those represented by 
the formula I as shown above, wherein Y,, Z, n, X,, X 2 and R 8 -R| 5 are as noted above; 

R, is C,_ 8 alkyl; 



^Y7isH ; CF 3 , C0 2 R„ C,_ 6 alkyl,\jR I0 R n , NHCOR l2 , NHC0 2 R I2 , CONR I3 R M , CH 2 OH, 
CH 2 OR 8 , COCH^; 



Y 3 is H; 

R 2 and R 3 are each, independently, H or methyl, wherein R 2 and R 3 cannot both be H 
at the same time; 

R 4 is H, C|_ 8 alkyl, C0 2 C,. 8 alkyl, aryl substituted by one or more substituents Y! and 
the stereocenter adjacent to R 4 is in an (S) configuration; 



is H, CY, alk yf>s ^H 2 C0 2 C l . g alkyl; 

is a group having a formula selected from the group consisting of structures (a)-(c) 
and (h)-(o); 

R 7 is H, C,. 8 alkyl, CH 2 aryl substituted by one or more substituents Y,, NR lt) R n , 
NHCOR 12 , NHC0 2 R 13 , CONR 14 R 15 , or CH 2 (CH 2 ) n Y 2 . 

Most preferably, the compounds of the present invention are those represented by the 
formula I as shown above, wherein Y I? Z, n, X,, X 2 and R 8 -R, 4 are as indicated above; 
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R, is methyl, ^ 

Y, is H, CF 3 , COjR^fc^alkyl, NR^R,,, NHCOR,,, NHC0 2 R 12 , CONR 13 R l4 , 

CH 2 OH, CH 2 OR g , COCH.R^ 

Y 3 is H; 

R 2 and R 3 are each H or methyl, such that when R 2 is H, R 3 is methyl and vice versa; 
R 4 is C|. 8 alkyl, C0 2 C|_ g \jkyl, and the stereocenter adjacent to R 4 has a configuration 

ofm x, — 

R 5 is H; 

is a group having a formula selected from the group consisting of structures (a) and 

(b); and 

R 7 is H, C,_ 8 alkyl, CH 2 aryl substituted by one or more substituents Y, or 
CH 2 (CH 2 ) n Y 2 . 

A most preferred set of compounds are the compounds of formula 14-21 as shown in 

Fig. 1. 

As used throughout this disclosure, the terms "alkyl group" or "alkyl radical" 
encompass all structural isomers thereof, such as linear, branched and cyclic alkyl groups and 
moieties. Unless stated otherwise, all alkyl groups described herein may have 1 to 8 carbon 
atoms, inclusive of all specific values and subranges therebetween, such as 2, 3, 4, 5, 6, or 7 
carbon atoms. 

The alkenyl group or alkynyl group may have one or more double or triple bonds, 
respectively. As will be readily appreciated, when an alkenyl or alkynyl group is bonded to a 
heteroatom a double or triple bond is not formed with the carbon atom bonded directly to the 
heteroatom. 

The aryl group is a hydrocarbon aryl group, such as a phenyl, naphthyl, phenanthryl, 
anthracenyl group, which may have one or more C,_ 4 alkyl group substituents. 

The compounds of the present invention are opiates which are preferably antagonists 
that are selective for the kappa receptor. The k/\x selectivity may be at least 2:1, but is 
preferably higher, e.g., at least 5:1, 10:1,25:1,50:1, 100:1,200:1 or even 500:1. The k/6 
selectivity may be at least 2:1, but is preferably higher, e.g., at least 5:1, 10:1, 25:1, 50:1, 
100:1, 200:1, 250:1, 500:1 or even 1000:1. 
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The compounds of the present invention may be synthesized, for example, in 
accordance with the reaction sequence shown in Figure 2 and Figure 3. 

The compounds of the present invention may be in the form of a pharmaceutically 
acceptable salt via protonation of the amines with a suitable acid. The acid may be an 
5 inorganic acid or an organic acid. Suitable acids include, for example, hydrochloric, 
hydroiodic, hydrobromic, sulfuric, phosphoric, citric, acetic, fumaric and formic acids. 

The receptor selectivities discussed above are determined based on the binding 
affinities at the receptors indicated or their selectivity in opioid functional assays. 

The compounds of the present invention may be used to bind opioid receptors. Such 
10 binding may be accomplished by contacting the receptor with an effective amount of the 
inventive compound. Of course, such contacting is preferably conducted in an aqueous 
medium, preferably at physiologically relevant ionic strength, pH, etc. 
hQ The inventive compounds may also be used to treat patients having disease states 

I i which are ameliorated by binding opioid receptors or in any treatment wherein temporary 

j£fl5 suppression of the kappa opioid receptor system is desired. Such diseases states include 
111 opiate addiction (such as heroin addiction), or cocaine addiction. The compounds of the 

' Si present invention may also be used as cytostatic agents, as antimigraine agents, as 

j 5 ^ immunomodulators, as immunosuppressives, as antiarthritic agents, as antiallergic agents, as 

O virucides, to treat diarrhea, as antipsychotics, as antischizophrenics, as antidepressants, as 

g20 uropathic agents, as antitussives, as antiaddictive agents, as anti-smoking agents, to treat 
isa alcoholism, as hypotensive agents, to treat and/or prevent paralysis resulting from traumatic 

ischemia, general neuroprotection against ischemic trauma, as adjuncts to nerve growth factor 
treatment of hyperalgesia and nerve grafts, as anti-diuretics, as stimulants, as anti- 
convulsants, or to treat obesity. Additionally, the present compounds can be used in the 
25 treatment of Parkinson's disease as an adjunct to L-dopa for treatment of dyskinesia 
associated with the L-dopa treatment. 

The compounds may be administered in an effective amount by any of the 
conventional techniques well-established in the medical field. For example, the compounds 
may be administered orally, intraveneously, or intramuscularly. When so administered, the 
30 inventive compounds may be combined with any of the well-known pharmaceutical carriers 
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and additives that are customarily used in such pharmaceutical compositions. For a 
discussion of dosing forms, carriers, additives, pharmacodynamics, etc., see Kirk-Othmer 
Encyclopedia of Chemical Technology, Fourth Edition, Vol. 18, 1996, pp. 480-590, 
incorporated herein by reference. The patient is preferably a mammal, with human patients 
especially preferred. Effective amounts are readily determined by those of ordinary skill in 
the art. Studies by the present inventors show no toxicity and no lethality for the present 
compounds at amounts up to 300 mg/kg in mice. 

The compounds of the present invention can be administered as a single dosage per 
day, or as multiple dosages per day. When administered as multiple dosages, the dosages can 
be equal doses or doses of varying amount, based upon the time between the doses (i.e. when 
there will be a longer time between doses, such as overnight while sleeping, the dose 
administered will be higher to allow the compound to be present in the bloodstream of the 
patient for the longer period of time at effective levels). Preferably, the compound and 
compositions containing the compound are administered as a single dose or from 2-4 equal 
doses per day. 

Suitable compositions containing the present compounds further comprise a 
physiologically acceptable carrier, such as water or conventional pharmaceutical solid 
carriers, and if desired, one or more buffers and other excipients. 

EXAMPLES 

Having generally described this invention, a further understanding can be obtained by 
reference to certain specific examples which are provided herein for purposes of illustration 
only and are not intended to be limiting unless otherwise specified. 

Chemistry 

Coupling of (3R,4R)-dimethyl-4-(3-hydroxyphenyl)piperidine (22) with tert-butoxy- 
carbonyl-protected L -valine (Boc-protected) using benzotriazol-l-yl-oxy-tris- 
(dimethylamino)phosphonium hexafluorophosphate (BOP reagent) in THF and removal of 
the Boc-protecting group with trifluoroacetic acid (TFA) in methylene chloride followed by 
reduction using a tetrahydrofuran (THF) solution of borane-dimethy 1 sulfide complex gave 
the intermediate amine 3-[l-(2S-Amino-3-methylbutyl)-3R,4R-dimethyl-4-piperidinyl]phenol 
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(23) in 74% yield (Figure 2). From this versatile intermediate was derived (3R)-7-Hydroxy- 
N-(( 1 S)- 1 - { [(3R 5 4R)-4-(3-hydroxypheny l)-3 ,4-dimethy 1- 1 -piperidinyljmethy 1 } -2- 
methylpropyl)-l 5 2,3,4-tetrahydro-3-isoquinolinecarboxamide(14) 5 (3S)-7-Hydroxy-N-((lS)- 
l-{[(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyM^ 
5 1 3 2 ? 3 ? 4-tetrahydro-3-isoquinolinecarboxamide(15) 5 and (3R)-N-((1 S)-l-{[(3R,4R)-4-(3- 
hydroxyphenyl)-3,4-dimethyl-l -piperidinyljmethy 

isoquinolinecarboxamide(16) by first coupling with either Boc-D-7-hydroxy-l,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid ( for 14), Boc-L-7-hydroxy-l,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid (for 15) or Boc-D-l,2,3,4-tetrahydroisoquinoline-3- 
10 carboxylic acid (for 16) respectively followed by removal of the Boc protecting groups with 
TFA as previously described. Treatment of intermediate compound terf-butyl-(3R)-7- 
hydroxy-3-{[((lS)-l -{[(3 R,4R)-4-(3 -hydroxy 
^0 methylpropyl)amino]carbonyl}-3,4-dihydrohydro-2(l H)-isoquinolinecarboxylate (24) with 
l_n lithium aluminum hydride in refluxing THF followed by a basic work-up gave (3R)-3- 
j| { [(( 1 S)- 1 - { [(3 R,4R)-4-(3 -hydroxypheny l)-3 ,4-dimethy 1- 1 -piperidiny l]methy 1 } -2- 
l y methylpropy l)amino]methyl } -2-methyl- 1 ,2,3 ,4-tetrahydro-7-isoquinolinol(20). Compounds 
«. (3R)-2-(N,N-dimethylglycyl)-7-h^^ 

l2 dimethyl- 1 -piperidinyl]methy 1 } -2-methy lpropy 1)- 1 ,2,3 ,4-tetrahydro-3 - 

J2 isoquinolinecarboxamide (17), (3 S)-7-Hy droxy-N-(( 1 S)- 1 - { [(3 R,4R)-4-(3 -hydroxy phenyl)- 

23 3,4-dimethyl-l-piperidinyl]methyl}-2-methylpropyl)-2-methyl-l,2,3,4-tetrahydro-3- 

isoquinolinecarboxamide(18) and (3R)-3-{[((lS)-l-{[(3R,4R)-4-(3-hydroxyphenyl)-3,4- 
dimethyl- 1 -piperidinyljmethy 1 } -2-methy lpropy l)amino]methy 1 } - 1 ,2,3 ,4-tetrahydro-7- 
isoquinolinol (19) were each derived from (3R)-7-Hydroxy-N-((lS)-l-{[(3R,4R)-4-(3- 
hydroxypheny l)-3 ,4-dimethy 1- 1 -piperidinyljmethy 1 } -2-methy lpropy 1)- 1 ,2,3 ,4-tetrahydro-3 - 
25 isoquinolinecarboxamide(14) by different synthetic routes. For example, compound 19 was 
prepared by reducing 14 with borane in THF as previously described. Compound 18 was 
prepared by treating 14 with formalin and sodium triacetoxyborohydride followed by a basic 
work-up. Compound 17 was prepared from 14 via a BOP mediated coupling with N,N- 
dimethylglycine. As shown in Figure 3, compound (3R)-7-Hydroxy-N-((lS)-l-{[(3S,4S)-4- 
30 (3 -hydroxypheny l)-3 ,4-dimethy 1- 1 -piped dinyl] methyl } -2-methy lpropy 1)- 1,2,3 ,4-tetrahy dro- 
3 -isoquinolinecarboxamide (21) was prepared according to the same synthetic route used to 
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obtain 14. Thus, coupling (-)-(3S,4S)-dimethyl-4-(3-hydroxyphenyl)piperidine (25) with tert- 
butoxycarbonyl-protected L-valine using BOP reagent in THF and removal of the Boc- 
protecting group with TFA followed by borane reduction gave the intermediate amine 3-[l- 
(2S-Amino-3-methylbutyl)-3S,4S-dimethyl-4-piperidinyl]phenol (26). Coupling with Boc- 
D-7-hydroxy-l ? 2,3 ? 4-tetrahydroisoquinoline-3-carboxylic acid gave ter/-butyl-(3R)-7- 
hydroxy-3-{[((lS)-l-{[(3S,4S)-4-(3-hy^ 

methylpropyl)amino]carbonyl}-3,4-dihydrohydro-2(lH)-isoquinolinecarboxylate (27) which 
then provided (3R)-7-hydroxy-N-((lS)-l-{[(3S ? 4S)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 
piperidinyl]methyl}-2-methylpropyl)-l,2,3 5 4-tetrahydro-3-isoquinolinecarboxamide (21) 
following removal of the Boc protecting group with TFA as previously described. 

Biological 

The binding affinities of the novel kappa antagonists 14-21, and the standard kappa 
antagonist nor-BNI (6) at the mu, delta, and kappa opioid receptors were determined using 
competitive binding assays following previously reported procedures, Table 1 . Measures of 
antagonism were obtained by monitoring selected test compounds ability to inhibit 
stimulation of [ 35 S]GTP-y-S binding produced by the selective agonists (D-Ala 2 ,MePhe 4 ,Gly- 
ol 5 )enkephalin (DAMGO, mu receptor), (+)-4[(aR)-a-(2S,5R)-4-allyl-2,5-dimethyl-l- 
piperazinyl)-3-methoxybenzyl]-N,N-diethylbenzamide (SNC-80, delta) and 5a,7a,8P~(-)-N- 
methyl-N-[7-(l-pyrrolidinyl)-l-oxaspiro[4,5]dec-8-yl]benzeneacetamide (U69,593, kappa) in 
guinea pig caudate (Table 2) and in cloned human receptors, Table 3. 

Results and Discussion 

Inspection of the binding data in Table 1 for the standard antagonist nor-BNI (6) 
indicates that it has far higher affinity for the kappa receptor (K; = 1 .09) relative to either the 
mu receptor (Kj = 65) or the delta receptor (K f = 86). Thus in this assay, the standard kappa 
antagonist behaves as expected with a 60-fold selectivity for the kappa versus the mu receptor 
and a 79-fold selectivity for the kappa versus the delta receptor. Comparison of the data for 
the novel compounds 14-21 reveals that all of these compounds possesses superior 
delta/kappa selectivity relative to 6 and many possess superior mu/kappa selectivity. In terms 
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of binding affinity to the kappa receptor, many of the novel compounds, for example, 14 and 
18-20 possess far greater affinity than the standard kappa antagonist ndr-BNI (6). Moreover, 
18-20 are much more selective for the kappa receptor relative to the mu and delta. With a Kj 
value of 2.1 nM at the kappa receptor, compound 16 is slightly less potent than nor-BNI (6); 
however, it also is much more selective for the kappa receptor. Compounds 15 and 21, which 
are diastereoisomers of 14, possess weaker affinity for the kappa receptor and or less 
selectivity. These findings show the novelty of 14 and its analogs. 

In a functional assay using guinea pig membranes (Table 2), the standard antagonist 
nor-BNI (6) shows a 28-fold increase in its Kj relative to that seen in the binding assay. At the 
mu and delta receptors however, the K { s for 6 of 16.7 nM and 10.2 nM represent only 4 and 
8.5-fold increases respectively. Overall this translates into a significant increase in mu versus 
kappa and delta versus kappa selectivity in this assay relative to its performance in the 
binding assay. The novel compound 14 also shows an improvement in its Kj for the kappa 
receptor in this assay relative to the binding assay (Kj = 0.02 nM). Coupled to the observation 
that the K, for compound (14) at either the mu or delta receptors do not increase substantially, 
results in greater than 100-fold mu versus kappa selectivity and an unprecedented >1 5,000- 
fold selectivity for the delta versus kappa receptor. 

In the more relevant functional assay using cloned human opioid receptors, the novel 
antagonist 14 demonstrates a 3.4-fold increase in kappa receptor affinity relative to the 
functional assay utilizing guinea pig membranes. This represents an overall 53-fold 
improvement in kappa receptor Kj compared with the binding assay and as before there is 
little shift in K ; for either the mu or delta receptors. This effectively boosts the selectivities of 
compound 14 to 570 and > 16,000-fold for mu versus kappa and delta versus kappa 
respectively. In this assay then, the novel antagonist 14 is observed to be both more selective 
and more potent than the standard antagonist nor-BNI (6) which shows mu versus kappa and 
delta versus kappa selectivity of only 225 and 172-fold respectively. Accordingly, compound 
14 is, in this assay, the most potent and kappa opioid receptor selective antagonist yet 
identified. 

Conclusions 
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The opioid receptor binding data for compounds 14-21 showed novel and unexpected 
high affinity and selectivity for the kappa opioid receptor. For example, compound 18, which 
possesses a completely different structure than nor-BNI, is 20-fold more potent than the 
reference compound nor-BNI (6) and possesses much greater selectivity. More important, 
5 comparison of 14 to nor-BNI in two functional assays shows that this novel class of kappa 

antagonists also exhibits an even greater degree of unexpected high affinity and selectivity for 
the kappa receptor in these assays. The novel structures of compounds 14-21 and the 
unexpected high affinity and selectivity demonstrated by this new class of compounds for the 
kappa receptor are sufficient to warrant the definition of 14 and its analogs as prototypic 
1 0 structures that could be used for the design of additional potent and selective kappa 
antagonists. 

S 5 jj 

s r : 

is 
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Table 1. Radioligand Binding I^^jts at the Mu, Delta, and Kappa Opic^^eceptors for Standard Compound 
nor-BNI (6) and the Novel Kappa Antagonists 14-21. 



Kj (nM±SD } 






5 


K 






mpound 


[ 3 H]DAMGO a 


[ 3 H]DADLE 6 


[ 3 H]U69,593 C 


|j/K 


5/k 


6, nor-BNI 


65.06 ±5.6 


86 ± 7.3 


1.09 ±0.14 


60 


79 


14 


3.73 ± 0.17 


301 ± 50 


0.32 ± 0 05 


12 


940 


15 


596 ± 29 


>4900 


9.8 ± 1.6 


61 


500 


16 


775 ± 75 


>4900 


2.1 ±0.17 


369 


>2333 


17 


164 ± 10.5 


>3400 


15± 1.2 


11 


>219 


18 


37± 1.4 


616± 59 


0.053 ± 003 


700 


11622 


19 


107 ± 11 


5572 ±713 


0.63 ± 0.05 


170 


8844 


20 


59 ±2.5 


2231 ± 187 


0.55 ± 0.04 


107 


4056 


21 


138 ±8 


144 ± 15 


17.5 ±2.5 


7.8 


8.2 



a ^H]DAMGO [(D-Ala 2 ? MePhe 4 ,Gly-ol 5 )enkephalin]. Tritiated ligand selective for |a opioid receptor. 
6 lflH]DADLE [(D-Ala 2 3 D-Leu 5 )enkephalin]. Tritiated ligand selective for 6 opioid receptor. c [ 3 H]U69,593 
{(3H](5a ? 7a,8p^ Tritiated 
ligand selective for k opioid receptor. 
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Table 2. Inhibition by Antagonj^^f [ 35 S]GTP- y-S Binding in Guinea F^Baudate Stimulated by the Opioid 
Receptor Subtype-Selective Agonists, DAMGO (ju), SNC80 (6), and U69,593 (k). 



Compound DAMGO" 



Apparent Functional 
Kj (nM±SD) 



6 

DADLE* 



K 

U69.593 c 



ju/k 



8/k 



6,nor-BNI 



14 



16.7 ± 1.5 



2.16 ±0.75 



10.2 ± 1.0 



> 300 



0.038 ± 0.005 



0.02 ± .002 



439 



108 



268 



> 15,000 



DAMGO [(D-Ala 2 ,MePhe 4 ,Gly-ol 5 )enkephalin]. Agonist selective for mu opioid receptor. 



b SNC-80 ([(+)-4-[aR)-a-(2S,5R)-4-allyl-2,5-dimethyl-l-piperazinyl)-3-methoxybenzyl]-N,N- 
djethylbenzamide). Agonist selective for delta opioid receptor. C U69,593 [(5a,7a,8a)-(-)-N-methyl-N-[7-(l 
i§rrolidinyl)-l-oxaspiro[4,5]dec-8-yl]benzeneacetamide]. Agonist selective for kappa opioid receptor. 
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Table 3. Inhibition by Antagonj^^f [ 35 S]GTP-y-S Binding in Cloned I^^n Opioid Receptors Stimulated 
by DAMGO (//), SNS-80 (6) and U69,593 (k) Selective Opioid Agonists. 







Apparent Functional Kj 
(nM±SD) 








Compound 


A* 

DAMGO a 


O 

DADLE b 


K 

U69,593 c 




O/K 


6,nor-BNI 


15.8 ± 5.7 


12.1 ±3.1 


0.07 ±0.03 


225 


172 


14 


3.42 ± 0.83 


> 100 


0.006 ± .001 


570 


> 16,667 



a DAMGO [(D-Ala\MePhe 4 ,Gly-ol 5 )enkephalin] is an agonist selective for mu opioid receptor. The apparent 
functional Kj is the concentration of each compound required to produce a 50% attenuation of DAMGO (10 
Mm)-stimulated [ 35 S]GTP-y-S binding. 

b SNC-80 ([(+)-4-[(ocR)-oc-(2S,5R)-^ 

N^Ndiethylbenzamide) is an agonist selective for delta opioid receptor. The apparent functional concentration 
<Mf each compound required to produce a 50% attenuation of SNC80 (10 AiM)-stimulated [ 35 S]GTP-y-S 
landing. 



?jU69 5 593 [(5aJa,8p)-(-)-N-methyl-N-^ 

Sgonist selective for kappa opioid receptor. The apparent functional concentration of each compound 
required to produce a 50% attenuation of U69 3 593 (10 yuM)stimulated [ 35 S]GTP-y-S binding. 
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Experimental 

3-[l-(2S-Amino-3-methylbutyl)-3R,4R-dimethyl-4-piperidinyIIphenoI(23^ (+)- 
(3R,4R)Dimethyl-4-(3-hydroxyphenyl)piperidine (22) (1 1.5 mmol), tert-butoxycarbonyl- 
protected L-valine (1 1.5 mmol) and BOP reagent (I 1.5 mmol) were combined in THF (150 
5 mL) at room temperature, and to this was immediately added triethylamine (TEA) or 

diisopropylethylamine (25.3 mmol). After stirring for 1 h, the reaction mixture was poured 
into ethyl ether (500 mL) and water (150 mL) in a separatory funnel. The mixture was 
shaken and the aqueous layer removed. This procedure was repeated using 150 mL saturated 
NaHC0 3 and 150 mL brine. The organic layer was diluted with hexane until cloudy and 

10 dried (Na 2 S0 4 ), concentrated under reduced pressure, then dissolved in 100 mL chloroform 
(stored over K 2 C0 3 ), and concentrated again. This was placed on a high vacuum system to 

m remove residual solvent yielding a foamy yellow/white solid. 

Sue* 

After remaining under vacuum on the pump overnight, this unpurified material was 
III dissolved in methylene chloride 45 mL and cooled to -20 °C (methanol/ice). To this was 

z a : 

tS added neat trifluoroacetic acid in 10-mL portions over 2 min to give a total addition of 30 
mL. The entire mixture was stirred for exactly 30 min and then the cooling bath was 
removed for exactly 30 min. At this point, the reaction mixture was poured into a 1 L beaker 
M= containing a large stir bar and a rapidly agitated mixture of saturated bicarbonate solution 
m (400 mL) and chloroform (150 mL). After completed addition, the pH of the mixture was 
jkf verified to be 10 and adjusted with solid sodium bicarbonate if necessary. This mixture was 
poured into a separatory funnel. Any precipitated organic compounds were rinsed into the 
separatory funnel using a small amount of methanol. The beaker was then rinsed with a small 
amount of water which was added to the separatory funnel. The layers were agitated, 
separated, and the aqueous layer extracted five additional times using 3:1 methylene 
25 chloride:THF. The combined organic layers were dried over sodium sulfate and the solvent 
removed at reduced pressure. The material was then placed on a high vacuum pump to yield 
a yellow foamy solid. 

Unpurified material from the deprotection step was dissolved in THF (150 mL) and 
cooled to -20 °C (methanol/ice). To this stirred mixture was added a solution of borane 
30 dimethylsulfide complex, 2M in THF (150 m-mol) dropwise. The solution was then heated 
to reflux and held for 3 h after which time, the solution was cooled to -20 °C, and to this was 
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carefully added methanol (72 mL) dropwise. This mixture was stirred for 1 h at room 
temperature, 16.4 mL of 1M HC1 in ethyl ether was added, the solution was allowed to stir for 
30 min, and the solvents removed on a rotary evaporator. The resulting residue was 
partitioned between 3:1 methylene chloride :tetrahydrofuran and water, the pH was adjusted to 
5 10 with saturated sodium bicarbonate, and the aqueous layer was saturated with sodium 
chloride and extracted several times with 3:1 methylene chloride:tetrahydrofuran. The 
combined organic layers were dried over sodium sulfate and the solvent removed. This 
material was purified by flash chromatography on a silica gel column which was prepared by 
slurry packing with chloroform. The impure compound was loaded on the column as a 
10 chloroform solution. Elution proceeded with neat chloroform followed by 3% methanol up to 

10% methanol in chloroform as needed to elute the desired compounds. Product fractions 
^ were combined and the solvent was removed on a rotary evaporator. This material was 
j 1 ^ dissolved in a minimum of hot ethyl acetate and allowed to crystallize. Crystalline material 
Ln was isolated by filtration followed by washing with a small amount of ice-cold ethyl acetate 
li|j and used directly in the next step after drying overnight in a vacuum oven. 'H NMR (MeOH- 
jjj d 4 ) 6 7.126-7.062 (t, 1H), 6.769-6.735 (m, 2H), 6.603-6.558 (m, 1H), 2.657-2.179 (m, 8H), 

2.000 (brs, 1H), 1.583-1.502 (m, 2H), 1.294 (s, 3H), 0.978-0.912 (q, 6H), 0.789-0.761 (d, 
? 3H); ,3 C NMR (MeOH-d 4 ) 6 158.5, 153.3, 130.1, 117.8, 113.8, 113.3,63.4,55.8,54.1,53.3, 
Jj 40.0,39.5,33.1,31.9,28.1, 19.6, 19.2, 16.8. MS (electrospray) M + 1 =29 1. Calculated- 
if 291. 

7*r/-buty l-(3R)-7-Hy droxy-3- ft 

piperidinyl]methyl)-2-methylpropyl)amino]carbonyl}-3,4-dihydrohydro-2(lH)- 
isoquinolinecarboxylate (24). Solid BOP reagent (1.65 g, 3.75 mmol) was added to a 
solution of 23 (0.943 g, 3.25 mmol), Boc-D-7-hydroxy-l,2,3,4-tetrahydroisoquinoline-3- 

25 carboxylic acid (1.00 g, 3.41 mmol) and triethylamine (1.57 mL, 1 1.2 mmol) in dry THF (100 
mL). The reaction mixture was stirred under N 2 at room temperature for 2 h. The mixture 
was diluted with Et 2 0 (100 mL), washed with saturated NaHC0 3 , followed by water, and the 
organic layer was then collected, dried (Na 2 S0 4 ) and the solvent removed under reduced 
pressure. The product was then purified by flash chromatography (50% (80% CHC1 3 :1 8% 

30 CH 3 OH:2% NH 4 0H) in CHC1 3 ) to afford (1 .52 g, 83%) of 24 as a white foam. ] HNMR 
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'I ' 

t * 

(CDCI3) 67.14 (t, I H, J = 8.0 Hz), 6.90 (d, I H, J = 7.0 Hz), 6.75 (m, 2H), 6.63 (m, 3H), 5.74 
(br., IH), 4.81 (br., IH), 4.57 (br., IH), 4.39 (m, IH), 3.92 (br., IH), 3.27 (d, 1H, J = 14.9 Hz), 
2.94 (dd, IH, J = 6.2, 15.5 Hz), 2.47 - 2.16 (m, 5H), 1.97 (m, 2H), 1.76 (m, 2H), 1.51 (s, 9H), 
1.40 (m, IH), 1.21 (s, 3H), 0.85 (d, 3H, J = 6.2 Hz), 0.80 (d, 3H, J = 6.8 Hz), 0.79 (m, 3H). 

5 (3R)-7-Hydroxy-N-((lS)- 1 -1 [(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 

piperidinyllmethyl)2-methylpropyl)-l ,2,3,4-tetrahydro-3-isoquinolinecarboxamide (14). 
Trifluoroacetic acid (16.4 mL, 212 mmol) was added dropwise over 10 min. to a solution of 
24 (1.00 g, 1.77 mmol) dry CH 2 C1 2 (50 mL) at -20°C. The reaction was warmed to room 
temperature and the solvent was removed under reduced pressure. The product was purified 
1 0 by flash chromatography (50% (80% CHC1 3 : 1 8% CH 3 OH:2% NH40H) in CHC1 3 ) to afford 
n 14 (0.801 g, 97%) as a white foam. 'H-NMR (CD 3 OD) 67. 11 dt, IH, J = 7.9 Hz), 6.92 (d, 
fj IH, J = 8.3 Hz), 6.74 (m, 2H), 6.59 (m, 2H), 6.50 (m, IH), 4.03 (m, IH), 3.94 (d, 2H, J = 5.9 
m Hz), 3.54 (dd, IH, J = 4.8, 10.2 Hz), 2.94 (dd, IH, J = 4.7,15.7 Hz), 2.80 (m, 2H), 2.67-2.37 
q (m, 5H), 2.27 (dt, IH, J 4.2, 12.6 Hz), 1.99-1.85 (m, 2H), 1.57 (d, IH, J= 12.7 Hz), 1.30 (s, 
i| 3H), 0.95 (m, 6H), 0.74 (d, 3H, J 6.7 Hz). 

»_ (3S)-7-Hydroxy-N-((lS)-l-{|(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 
|== piperidinyl]methyI}-2-methylpropyl)-l,2394-tetrahydro-3-isoquinolinecarboxamide 
(15). Boc-L-7-hydroxy-l 5 2 5 3 ? 4-tetrahydroisoquinoline-3-carboxylic acid (107 mg, 1.364 
H mmol) was added to a solution of 3-[l-(2S-Amino-3-methylbutyl)-3R 5 4R-dimethyl-4- 
20 piperidinyl]phenol (23 5 100 mg, 0.364 mmol) in 10 mL of dry THF followed by BOP reagent 
(177 mg 5 0.4 mmol) and TEA (0.166 mL, 1 .194 mmol). The reaction mixture was stirred for 
two hours at room temperature and then 1 5 mL of ether was added and the mixture was 
washed with saturated NaHC0 3 and then water. The organic layer was collected, dried over 
magnesium sulfate and the solvent removed under reduced pressure. The crude product (220 
25 mg) was purified using silica gel column chromatography (gradient: neat CHC1 3 to 50% 

(CHCl 3 :MeOH:NH 4 OH, 80:18:2) in CHC1 3 ). This material was dissolved in five mL of dry 
CH 2 C1 2 and cooled to -20 °C, whereupon TFA (2.7 mL, 0.035 moles) was added drop-wise. 
The reaction flask was left in a MeOH/ice bath for 10 minutes and then was allowed to warm 
to room temperature. The solvent was removed under reduced pressure and the residue 
30 diluted with CH 2 C1 2 and to this was added saturated NaHC0 3 . The organic layer was 
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separated and the solvent was removed under reduced pressure yielding 120 mg of pure (3S)- 
7-hydroxy-N-((lS)-l-{[(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyl-l-piperidinyl]methyl}-2- 
methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide(15). 'H-NMR (MeOH): 7.09 
(t, J=7.8 Hz, 1H), 6.87 (d, J=4.1 Hz, 1H), 6.77 (s, 1H), 6.74 (d, J=0.8 Hz, 1H), 6.58 (dd, 
5 J=8.3, 2.3 Hz, 2H), 6.48 (d, J=2.3 Hz, lh), 4.01-3.95 (m, 1H), 3.90 (s, 2H), 3.51-3.48 (m, 
1H), 3.35 (s, 3H), 2.94-2.21 (m, 9H), 1.96 (d, J=13 Hz, 1H), 1.28 (s, 3H), 0.89 (t, 7.2 Hz, 
6H), 0.74 (d, J=6.9 Hz, 3H). LRMS (ES) m/z 466.2 (M+H) + . 

(3R)-N-((lS)-l-{[(3R,4R)-4-(3-Hydroxyphenyl)-3,4-dimethyl-l-piperidinyl]methyl}- 
2-methylpropyl)-l,2,3,4-tetrahydro-3-isoquinoIinecarboxamide (16). 3-[l-(2S-Amino-3- 
10 methylbutyl)-3R,4R-dimethyl-4-piperidinyl]phenol (23) was coupled to 1,2,3,4- 

tetrahydroisoquinoline-3-carboxylic acid as described for compound 15 and de-protected with 
TFA as previously described to give crude product which was purified by silica preparative 
;° thin layer chromatography (50% (CHCl 3 :MeOH:NH 4 OH, 80: 1 8:2) in CHC1 3 , yielding 0.028 g 
ill (3 R)-N-(( 1 S)- 1 - { [(3 R,4R)-4-(3 -hydroxyphenyl)-3 ,4-dimethy 1- 1 -piperidiny l]methy 1 } -2- 

•- ^ * 

f4 methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide (16). 'H NMR (CDC1 3 ): 7.22 
(d, J = 8.8 Hz, 1H), 7.05-7.13 (m, 3H), 6.98-7.01 (m, 1H), 6.79 (s, 1H), 6.73 (d, J = 7.8 Hz, 
1H), 6.65 (dd, J = 7.9, 1.8 Hz, 1H), 4.05-4.14 (m, 1H), 3.99 (s, 2H), 3.56 (dd, J = 10.7,4.9 

fil Hz, 1H), 3.18(dd, J= 16.5, 4.8 Hz, 1H), 2.67-2.82 (m, 3H), 2.31-2.54 (m, 4H), 2.18-2.25 

g (m, 1H), 1.86-1.96 (m, 2H), 1.52 (d, J = 12.9 Hz, 1H), 1.25 (s, 3H), 0.92 (t, J = 7.6 Hz, 6H), 

P 0.67 (d, J = 6.9 Hz, 3H). LRMS (ES) m/z 450.3.2 (M+H) + . 

(3R)-2-(N,N-Dimethylglycyl)-7-hydroxy-N-((lS)-l-{[(3R,4R)-4-(3- 
hydroxyphenyl)-3,4-dimethyl-l-piperidinyl]methyI}-2-methylpropyl)-l,2,3»4- 
tetrahydro-3-isoquino!inecarboxamide(17). (3R)-7-Hydroxy-N-((lS)-l-{[(3R,4R)-4-(3- 
hydroxyphenyl)-3,4-dimethyl-l-piperidinyl]methyl}-2-methylpropyl)-l,2,3,4-tetrahydro-3- 

25 isoquinolinecarboxamide (14, 0.100 g, 0.285 mmol) Was coupled to N,N-dimethylglycine as 
described above to yield crude product which was purified by flash chromatography (50% 
(CHCl 3 :MeOH:NH 4 OH, 80:18:2) in CHC1 3 ) to afford (3R)-2-(N,N-dimethylglycyl)-7- 
hydroxy-N-(( 1 S)- 1 - { [(3R,4R)-4-(3 -hydroxypheny l)-3 ,4-dimethy 1- 1 -piperidiny l]methy 1 } -2- 
methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide (17, 0.101 g, 86%) as a white 

30 foam. LRMS (ES) m/z 551.4 (M+H) + . 
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(3S).7.Hydroxy-N-((lS)-l-{[(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyI-l- 
piperidinyl]methyl}-2-methylpropyl)-2-methyI-l,2,3»4-tetrahydro-3- 
isoquinolinecarboxamide(18). Formalin (0.02 mL, 0.215 mmol) was added to a stirring 
solution of (3R)-7-hydroxy-N-(( 1 S)- 1 -{ [(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyl- 1 - 
piperidinyl]methyl}-2-methyl^ (14, 100 

mg, 0.215 mmol) dissolved in five mL of dry DCE. To this mixture was added Na(OAc) 3 BH 
(205 mg, 0.97 mmol). The reaction mixture stirred at room temperature for 1 .5 hours and 
then quenched by the addition of sat'd NaHC0 3 , until bubbling subsided. This was then 
extracted three times with a solution of 3:1 CH 2 C1 2 :THF and the residue purified using silica 
gel preparative thin layer chromatography in 60% (CHCl 3 :MeOH:NH 4 OH, 80:18:2) in CHC1 3 
to give pure (3S)-7-Hydroxy-N-((lS)-l-{[(3R 5 4R)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 
piperidinyl]methyl}-2-methylpropyl)-2-methyl-l,2,3,4-tetrahydro-3- 

isoquinolinecarboxamide(18). 'H-NMR (MeOH): 7.09 (t, J=3.8 Hz, 1H), 6.9 (d, J=4.5 Hz, 
1H), 6.76 (s, 1H), 6.73 (d, J=1.5 Hz, 1H), 6.57 (dd, J=9, 5.3 Hz, 2H), 6.51 (s, 1H), 3.98-3.83 
(m, 3H), 3.80 (s, 2H) 5 3.47 (d, J=16 Hz, 1H), 3.31 (s, 1H), 3.13-2.44 (m, 1 1H), 2.37 (t, J=18 
Hz, 1H), 1.27 (s, 3H), 0.90 (t, J=3 Hz, 6H), 0.71 (d, J=3 Hz, 3H). LRMS (ES) m/z 480.3 
(M+H)\ 

(3R)-3-{[((lS)-l-{[(3R,4R)-4-(3-Hydroxyphenyl)-3,4-dimethyl-l- 
piperidinyl]methyl}-2-methylpropyl)amm 

(19). A solution of 2M BH 3 -SMe 2 in THF (0.495 mL, 0.99 mmol) was added drop-wise to a - 
20 °C-solution of 14 (46 mg, 0.099 mmol) in 5 mL of dry THF. The reaction refluxed 
overnight. It was again cooled to -20 °C and 0.647 mL of MeOH was added. Contents 
stirred at room temperature for one hour. At room temperature, 1M HC1 in ether (0.142 mL, 
0.142 mmol) was added, and stirred for 30 minutes. The solvent was then removed under 
reduced pressure. The oil was then dissolved in 3:1 CH 2 C1 2 :THF. Then, enough sat'd 
NaHC0 3 was added to increase the pH to 10. The organic layer was separated and set aside. 
The aqueous layer was extracted five times with 3:1 CH 2 C1 2 :THF. The organic layer was 
dried over sodium sulfate, and the solvent was removed under reduced pressure, yielding a 

* j * * 

yellowish foam. The crude product (0.03g) was purified by silica preparative thin layer 
chromatography using a solvent gradient, starting with 25% (CHCl 3 :MeOH:NH 4 OH, 80:18:2) 
in CHCl 3 then 40%, and finally 65%. This afforded 0.006g of (3R)-3-{[((lS)-l-{[(3R,4R)-4- 
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(3-hydroxyphenyl)-3 ,4-dimethy 1- 1 -piperidiny l]methy 1 } -2-methy lpropyl)amino]methyl } - 
l,2,3,4-tetrahydro-7-isoquinolinol (19). 'H-NMR (MeOH): 7.12(t, J=5.1 Hz, 1H), 6.90 (d, 
J=4.1 Hz, 1H), 6.8(d, J=3.9 Hz, 1H), 6.76 (d, J=l.lHz, lh), 6.61 (dd, J=5.8,2.2 Hz, 2H), 6.48 
(d, J=1.2 Hz, 1H), 2.88-2.43 (m, 16H), 2.4-1.8 (m, 2H), 1.67 (d, J=13 Hz, 1H), 1.34 (s, 3H), 
1.01 (d, J=6.9 Hz, 3H), 0.95 (d, J=6.9 Hz, 3H), 0.81 (d, J=3.4 Hz, 3H). LRMS (ES) m/z 
452.3 (M+H) + . 

(3R)-3-{[((lS)-l-{[(3R,4R)-4-(3-HydroxyphenyI)-3,4-dimethyM- 
piperidinyI]methyI}-2-methylpropyl)amino]methyl}-2-methyl-l,2,3,4-tetrahydro-7- 
isoquinolinol(20). rerr-Butyl-(3R)-7-hydroxy-3-{[((lS)-l-{[(3R,4R)-4-(3-hydroxyphenyl)- 
3 ,4-dimethyl- 1 -piperidiny 1] methyl } -2-methy lpropy l)amino]carbony 1 } -3 ,4-dihydrohydro- 
2(lH)-isoquinolinecarboxylate (24) (57 mg, 0.1 19 mmol) was dissolved in 10 mL of dry THF 
and added drop- wise to a slurry of lithium aluminum hydride (30 mg) in THF cooled to (-) 20 
°C. The reaction was heated at reflux overnight and then, 1 mL of IN NaOH was added at (-) 
20 °C, until a flocculent white precipitate was observed and bubbling ceased. This was 
filtered and the cake washed with ethyl ether. The combined organic layers were washed 
with water and dried over MgS0 4 . After removal of the solvent , the crude material (40 mg) 
was purified using silica gel preparative thin layer chromatography using 40% 
(CHCl 3 :MeOH:NH 4 OH, 80:18:2) in CHC1 3 . LRMS (ES) m/z 480.3 (M+H) + . 

3-[l-(2S-Amino-3-methyIbutyl)-3S,4S-dimethyI-4-piperidinyl]phenol (26). (+)- 
(3S,4S)-Dimethyl-4-(3-hydroxyphenyl)piperidine (25) (0.500 g, 2.44 mmol), BOC-L-valine 
(0.5292 g, 2.44 mmol), BOP reagent (1.109 g, 2.44 mmol) and TEA (0.74 mL, 5.36 mmol) 
were combined with THF (3 1 mL) and stirred 1 hr at room temperature. The mixture was 
poured into ether (100 mL) and water (31 mL) and shaken. The organic layer was washed 
once with saturated NaHC0 3 (30 mL) and once with brine (30 mL). Hexane was added to the 
organic layer until it turned cloudy. After drying with anhydrous sodium sulfate, the solvent 
was removed under reduced pressure. This was dissolved in dichloromethane (9 mL) and 
cooled to -20 °C. Trifluoroacetic acid (6 mL) was added dropwise over 2 min. The reaction 
was stirred 30 min. at -20 °C, followed by 30 min stirring after the cold bath was removed. 
The mixture was poured onto saturated NaHC0 3 (83 mL) and chloroform (3 1 mL). The 
solution was adjusted to pH 10 with solid NaHC0 3 . The mixture was rinsed into a separatory 
funnel with a small amount of MeOH and the aqueous layer was extracted 5 times with 3:1 
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t » 

CH 2 C1 2 /THF. The organic layers were dried with anhydrous sodium sulfate and the solvent 
was removed under reduced pressure. This was dissolved in THF (3 1 mL) and cooled to -20 
°C. Borane-methyl sulfide complex (1 1.65 mL, 0.0233 mol) was added dropwise and the 
mixture was refluxed 3 hr. The reaction was cooled to -20 °C, whereupon methanol (15 mL) 
5 was added dropwise and the mixture was stirred for 1 hr at room temperature. 1 M HC1 (3.42 
mL) was added and the reaction was stirred 30 min. at room temperature. The solvent was 
removed under reduced pressure, then 3:1 CH 2 C1 2 /THF (20 mL) and water (20 mL) were 
added. Saturated NaHC0 3 was added to pH 9. The organic layer was then removed and the 
water layer was saturated with NaCl. The aqueous layer was extracted 3 times with 3:1 
10 CH 2 C1 2 /THF. The organic layers were combined and dried with anhydrous sodium sulfate 
and the solvent was removed under reduced pressure. The yellow-white foam was purified 
via silica gel chromatography using a gradient of 0-10% MeOH in CHC1 3 to afford 3-[l-(2S- 
'0 Amino-3-methylbutyl)-3S,4S-dimethyl-4-piperidinyl]phenol (26) (0.5420 g. 1.87 mmol, 
(jj 76.6%) as a yellow-white foam. 'H NMR (CDC1 3 ): 7. 13 (t, J = 7.9 Hz, 1H), 6.76 (d, J = 7.9 
|ij5 Hz, 1H), 6.69 (s, 1H), 6.64 (dd, J = 7.9 Hz, 1H), 4.25 (br s, 3H), 2.89 (d, J = 5.1 Hz, 1H), 2.79 
j y (dd, J = 1 1 .2, 2.5 Hz, 1 H), 2.72-2.75 (m, 1 H), 2.42 (d, J = 1 1 .2 Hz, 1 H), 2.36 (dd, J = 1 2.4, 
« 2.9 Hz, 1H), 2.22 (d, J = 8.4 Hz, 2H), 1.98 (d, J = 6.5 Hz, 1H), 1.61-1.72 (m, 1H), 1.56 (d, J = 

U 9.7 Hz, 1 H), 1 .28 (s, 3H), 0.96 (d, 6.9 Hz, 3H), 0.93 (d, J = 6.9 Hz, 3H), 0.79 (d, J = 6.9 Hz, 
!2 3H). 

m 7er/-Butyl-(3R)-7-hydroxy-3-{[((lS)-l-{[(3S,4S)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 
piperidinyl]methyl}-2-methylpropyl)amino]carbonyl}-3,4-dihydrohydro-2(lH)- 
isoquinolinecarboxylate (27). 3-[l-(2S-Amino-3-methylbutyl)-3S 3 4S-dimethyl-4- 
piperidinyl]phenol (26) (0.200 g, 0.69 mmol), Boc-D-7-hydroxy- 1,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid (0.21 19 g, 0.72 mmol), TEA (0.33 1 mL, 2.37 

25 mmol), and BOP reagent (0.351 g, 0.80 mmol) were combined in THF (21 mL) and stirred at 
room temperature 2 hr. Ether (2 1 mL) was added and washed once with saturated NaHC0 3 
and once with water. The organic layers were combined and dried with anhydrous sodium 
sulfate and the solvent was removed under reduced pressure. The crude product was purified 
by silica gel chromatography. 25% (CHCl 3 :MeOH:NH 4 OH, 80:18:2) in CHC1 3 was used 

30 until the cloudy band was collected, then 33% (CHCl 3 :MeOH:NH 4 OH, 80: 1 8:2) in CHC1 3 
was used to collect ter/-butyl-(3S)-7-hydroxy-3-{[((l S)-l-{[(3S,4S)-4-(3-hydroxyphenyl)- 

-30- 



3,4-dimethyl-l-piperidinyl]methyl}-2-methylpropyl)amino]carbonyl}-3,4-dihydrohydro- 
2(lH)-isoquinolinecarboxylate (27) (0.2768 g, 0.49 mmol, 71.1%). 'H NMR (CDC1 3 ): 7.19 (t, 
J = 7.8 Hz, 1H), 6.94 (d, J = 8.2 Hz, 1H), 6.71-6.82 (m, 5H), 6.46-6.51 (m, 1H), 6.19 (br s, 
1H), 4.99 (br s, 1H), 4.81 (br s, 1H), 4.47 (dd, J = 28.7, 16.3 Hz, 2H), 3.79 (br s, 1H), 
5 3.40-3.49 (m, 1H), 2.83-2.87 (m, 1H), 2.50 (brs, 1H), 2.28-2.34 (m, 2H), 2.18 (br s, 2H), 

2.03-2.04 (m, 1H), 1.86-1.88 (m, 2H), 1.49 (s, 9H), 1.18 (br s, 3H), 0.85 (d, J = 6.9 Hz, 3H), 
0.84 (d, J = 6.9 Hz, 3H), 0.75 (d, J = 6.9 Hz, 3H). 

(3R)-7-Hydroxy-N-((lS)-l-{[(3S,4S)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 
piperidinyl]methyI}-2-methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide 
10 (21). (3R)-7-Hydroxy-N-((lS)-l-{[(3S,4S)-4-(3-hydroxyphenyl)-3,4-dimethyl-l- 

piperidinyl]methyl}-2-methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide (21). 
n 7err-Butyl-(3S)-7-hydroxy-3- { [(( 1 S)- 1 - { [(3 S,4S)-4-(3-hydroxyphenyl)-3 ,4-dimethyl- 1 - 
m piperidinyl]methyl}-2-methylpropyl)amino]carbonyl}-3,4-dihydroh 
LPf isoquinolinecarboxylate (27)(0.2088 g, 0.37 mmol) was dissolved in dichloromethane (1 1 
i§j> mL) and cooled to -20 °C. TFA (3.50 mL) was added dropwise over 10 min. The reaction 
\2 was stirred for 10 min. at -20 °C, then stirred 30 min. after removing the cold bath. The 

solvent was removed under reduced pressure, and the remaining oil was allowed to sit under 
j«s nitrogen atmosphere for 5 min. Dichloromethane (1 1 mL) and saturated NaHC0 3 (1 1 mL) 

were added and the aqueous layer was extracted twice with dichloromethane after shaking. 
;ib The combined organic layers were later discarded, as they contained no desired product. The 
aqueous layer was then extracted 3 times with 3:1 CH 2 C1 2 / THF. The organic layers were 
dried with anhydrous sodium sulfate and the solvent was removed under reduced pressure to 
yield pure (3R)-7-hydroxy-N-(( 1 S)- 1 - { [(3 S,4S)-4-(3-hydroxyphenyl)-3 ,4-dimethyl- 1 - 
piperidinyl]methyl}-2-methylpropyl)-l,2,3,4-tetrahydro-3-isoquinolinecarboxamide (21) 
25 (0.120 g, 0.26 mmol, 69.8%). 'H NMR (MeOH): 7.09 (t, J = 7.9 Hz, 1H), 6.92 (d, J = 8.3 Hz, 
1H), 6.77 (s, 1H), 6.73 (d, J = 2.3 Hz, 1H), 6.56-6.61 (m, 2H), 6.49 (d, J = 2.3 Hz, 1H), 
3.96-4.03 (m, 1H), 3.92 (d, J = 6.5 Hz, 2H), 3.56 (dd, J = 10.0, 4.9 Hz, 1H), 2.93 (dd, J = 
15.7, 4.9 Hz, 1H), 2.83 (d, J = 9.9 Hz, 2H), 2.52-2.66 (m, 2H), 2.18-2.48 (m, 5H), 1.86-1.97 
(m, 2H), 1.53 (d, J = 12.5 Hz, 1H), 1.27 (s, 3H), 0.92 (t, J = 6.6 Hz, 6H), 0.76 (d, J = 7.0 Hz, 
30 3H). LRMS (ES) m/z 466.2 (M+H) + . 
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Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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